15 16 17 18 19 20 21 22 42 identity by co-localizing with a Sox2 antibody. Furthermore, investigations in a 43 response to stab wound lesions, have demonstrated a possible participation of the 44 dlx5a/6a bigene, most likely, of dlx5a during the regeneration of the adult zebrafish 45 brain. These data suggest a possible participation of dlx-expressing cells during brain 46 regeneration in adult zebrafish and also provide information on the role of dlx genes 49
Abstract 24 Dysfunctions in the GABAergic system lead to various pathological conditions and 25 impaired inhibitory function is one of the causes behind neuropathies characterized 26 by neuronal hyper excitability. The Dlx homeobox genes are involved in the 27 development of nervous system, neural crest, brachial arches and developing 28 appendages. Dlx genes also take part in neuronal migration and differentiation during 29 development, more precisely, in the migration and differentiation of GABAergic 30 neurons. Functional analysis of dlx genes has mainly been carried out in developing 31 zebrafish embryos and larvae; however information regarding the expression and 32 roles of these genes in the adult zebrafish brain is still lacking. The extensive 33 neurogenesis that takes place in the brain of adult zebrafish makes them a good 34 model for the visualization of mechanisms involving dlx genes during adulthood in 35 physiological conditions and during regeneration of the nervous system. We have 36 identified the adult brain regions where transcripts of dlx1a, dlx2a, dlx5a and dlx6a 37 genes are normally found and have confirmed that within telencephalic domains, 38 there is high overlapping expression of the four dlx paralogs with a marker for 39 GABAergic neurons. Co-localization analyses carried with the Tg(dlx6a-40 1.4kbdlx5a/dlx6a:GFP) reporter line have also shown that in some areas of the 41 diencephalon, cells expressing the dlx5a/6a bigene may have a neural stem cell under normal physiological conditions in adults.
Introduction expressing cells, have resulted in massively expanding, widespread clonal expansion 76 throughout the adult brain (14) . These analyses provided some indications 77 concerning the role of the progeny of dlx-expressing cells in the adult zebrafish brain, 78 but further analyses are necessary for investigating these dlx-expressing cells in the 79 adult brain.
80
Different investigations have implicated the dlx genes in a group of complex 81 genetic regulatory networks responsible for proper establishment of neuronal 82 diversity in the CNS during development. Interestingly, the establishment of new 83 neurons also takes place in the adult zebrafish brain where multiple areas present 84 constitutive proliferation (15, 16) . In several mammals and bird species, constitutive 85 active neurogenic domains are restricted to the forebrain, whereas in the zebrafish, 86 new neurons are generated in most brain regions throughout adult life (reviewed 87 (17, 18) ). High rates of adult neurogenesis are present in thirteen to sixteen distinct 88 neural stem cell niches along the adult zebrafish brain. The adult zebrafish brain 89 possesses regeneration capability, which makes this animal an ideal model to study 90 the mechanisms involved in brain regeneration and the different genes participating 91 in regeneration responses within the CNS (19) (reviewed in (20,21) Fig 2) . 
309
Similar to observations at developmental stages, our analyses indicate that, with a 310 few exceptions, the majority of dlx5a/6a-expressing cells do not co-localize with 311 these specific subtype markers (Fig. 16 ). Co-labeling with calretinin has shown very 312 little if any co-localization with GFP. Only a few dlx5a/6a-expressing cells appear to 313 be calretinin neurons in the periventricular gray zone (PGZ) (Fig 2M-N) . In fact, within 314 the PGZ area, a few dlx5a/6a-expressing cells have also shown a calbindin identity.
315
Interestingly and in contrast to observations at developmental stages, in the 316 adult zebrafish brain, we observed many dlx5a/6a-expressing cells co-localizing with the domains of the telencephalon as mentioned before (Fig 3) . in the zebrafish brain. In all other areas of the adult zebrafish not mentioned before, 360 the great majority of dlx5a/6a-expressing cells did not co-localize with Sox2 (data not 361 shown). The adjacent expression of dlx5a/6a to Sox2, clearly observed in Hd for 362 example (Fig 3C) , also suggest that many dlx-expressing cells have already reached 363 a more differentiated state.
364
We also examined if Tg(dlx6a-1.4kbdlx5a/6a:GFP)-expressing cells could 365 represent either glia populations or proliferating cells. We observed rare, if any, co-366 localization of GFP with glial fibrillary acidic protein (GFAP) or with the proliferating 367 cell nuclear antigen (PCNA) ( Fig 4A-H (Fig 4I-L) .
387
Taken together, these co-localization observations reveal that in the adult 388 zebrafish brain, the majority of dlx-expressing cells seem to have a GABAergic 403 Therefore, we explored a possible participation of dlx paralogs in adult brain 404 regeneration. In order to address this, we have used mechanical stab lesions in the 405 telencephalon, an area with both high rates of constitutive proliferation and high 406 expression of all four dlx genes.
407
We analyzed the expression of dlx1a, dlx2a, dlx5a and dlx6a by in situ 408 hybridization at 7 days-post-lesion(dpl) (3mpf to 1ypf). This time point presents a 409 very important stage of the regeneration response and the peak of constitutive 410 proliferation after a lesion (17). The spatial distribution of dlx1a, dlx2a, dlx5a and 411 dlx6a transcripts remained similar during the regeneration response, with expression 412 concentrated in the dorsal (Vd) and ventral (Vv) nucleus of the ventral telencephalon 413 in the sections analysed (Fig 5F-I) . 
436
We did not observe apparent changes in the expression of dlx1a, dlx2a or 437 dlx6a at 7dpl (Fig 5J) , nor in the expression patterns of dlx1a, dlx2a, dlx5a or dlx6a at 438 the site of injury where the needle was inserted in the ventricule of telencephalon at 439 7dpl.
440
Possible changes in expression levels of dlx1a, dlx2a, dlx5a and dlx6a were 441 further quantified by qRT-PCR at 7dpl. Slight increases in dlx1a, dlx2a and dlx6a 442 transcripts were seen but did not reach statistical significance at 7dpl. However, there was a significant increase in dlx5a expression in the telencephalon of lesioned 444 adult zebrafish at 7dpl (Fig.5 J) .
445
Changes in dlx expression during brain regeneration was further examined 446 using the Tg(dlx6a-1.4kbdlx5a/6a:GFP) reporter line and direct counting of GFP 447 positive cells. The dorsal and ventral areas of the ventral telencephalon is where 448 constitutive proliferation takes place and are also the regions were an increase 449 seemed more visible, therefore this area was selected for quantification ( Fig.6) 
478
The first observations of dlx1a, dlx2a and dlx5a expression in the zebrafish 479 developing brain indicated the onset of expression at around 13h hours-post-480 fertilization (6) Fig.2 ). It was also within the Hc that the highest overlapping expression levels of dlx genes and Sox2 were observed, as well as a 550 few occasions of co-localization of TH and GFP with Tg(dlx6a-1.4kbdlx5a/6a:GFP) 551 adult zebrafish. While co-localization of Sox2 and dlx5a/6a was abundant in the Hc, 552 the expression of these genes was observed in adjacent patterns in the Hd. This 553 suggests that while in some areas of the hypothalamus these genes may be involved 554 with the reprograming of cells to become mature neurons, in other areas of the 555 hypothalamus, dlx transcripts may be present in recently formed mature neurons that 556 do not have a GABAergic identity.
557
Due to the intense reactive proliferation in the brain during regeneration 558 (16,17), we expected to see changes in the patterns of expression of dlx1a, dlx2a, 559 dlx5a and dlx6a, as these genes take part in important developmental events and 560 neuronal specification. We observed a slightly stronger ISH staining expression of 561 dlx2a and dlx5a in the telencephalon of regenerating brain at 7dpl. This time point is 562 thought to represent a very important stage of the regeneration response and the 563 peak of constitutive proliferation after mechanical lesion (24) (35). The expression of 564 dlx5a appeared to be particularly stronger within the the dorsal and parvocellular 565 nucleus of ventral telencephalic area, and this gene showed more widespread 566 expression patterns within the dorsal telencephalic area. Although these increases 567 were observed for dlx2a and dlx5a, in both cases, the presence of transcripts was 568 not found adjacent or exactly at the location of injury at the ventricular zone.
569
Counting of GFP positive cells with the Tg(dlx6a-1.4kbdlx5a/6a:GFP) reporter 570 line revealed a significant increase in dlx5a/6a-expressing cells in specific areas of 571 the telencephalon at 7dpl. In this reporter line it is not fully known if the GFP reporter 572 recapitulates the expression of dlx5a and dlx6a equally, additionally, there is an 573 increased sensitivity of the GFP reporter and easier detection than mRNA transcripts 574 with ISH (36). RNA quantification analyses of the telencephalon of lesioned adult 575 zebrafish corroborate the results observed by ISH. Slight increases in dlx1a, dlx2a
